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support its' diarsate:' to s-aaaain abavs a critics] \< - 
made oi a t\*c-ava>< shape iru;naa;y :iiioy aad has a 



i - " - - . . s 

within a rsage shas >v;i! aot damage biological tissue, 
< i which a first tfacsiaca " ^ , f - if; a ;erapasa- 
tc-re In which it ahaagss from iha sofJ sta;a lo Ilia 
- t - 

, i t crvtn,je* 

irOs'T; t - ts TI"S 

1 5 '0- a-ei;-.;; suc h ;hai aita; < - " ^ ~ - 

- a- -::a\ * 
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acs stent? intended 



iitoy 



on fho walls of a tubular organ. 

h <- a further object or the present 
for* to avid® means adaefc - ploymeof and 
removal of the cp-m -mm sap trom a tubular organ 

The rer-a. - 0 f -he , ._c> I inversion 



to rt v > { ssssfy to 

1 ar *= it x 

above a oedais snace; diameter. Such is the case, 
lor exempts, wham a coronary artery Is; expanded 
b an ariglopiasty catheter, which < ' 

P -, 1 - V v r ... 

N - t^c ease c» 

tracnsaS cancer, in which it is necessary to ensure- 

< t 3 ' 0 3 ^C ^ • ^ , , 3 

suffocaton. 

wire Is ;ho torm of a net has peer; proposed 
mtwcrery. ■SB6. P8 : 1S3-205'?. Another sp,^ formed 

stents are inhoouoed into s predetermined location 
In the tubuiar organ aod then ai-iowad to expand. 
However, such stents after once pot fo position are 
fixed and cannot 0e removed. This is a serious 

•■ 1 v 3 , t \ „ v 

mover: or the initial posibon of the stent & 
' ' c In atS aocti 

SSftOUS 

euty 

U.S Paters No. 5,037.427, disclo-SOS: a Stent 
atioy and 



t pate: 



: she 



etsr f: 

which 



iomosrabee p : - - - p changes Its 
; a narrow man-mis; to a -..--ago diameter in 
attaches to iha waiis of the tubular organ. 
K - ' a \d o g<> - - j 

constant flow oi coid fluid and one© the correct 
Position - a reached, the flow o as ooid 

i >■ - , „ _„ - 

•he influence o; lbs nody temperature For removal 
c wn litider i 

~ r ^ application of a coid j it wB no 
doubt be appreciated that a continuous application 

m - 0 < j 3 - j ' v 

;s a corpmuous drawback for various applications 
it Is She object of the present imveotlor; io 



object or the preset 



deemyed and removed is < tubular organ. 

it ;s furthermore the object In accordance with 
a preferred embodiment of - present Invention to 
provide g stent which provides a constant pressure 



I ' HE \ RiPTiOM O? 

Ths p'c > 1 P vendor; pfovldaa a stent for 

< ' " v v * JfT S 

to remalo above a Ofihoai dprnoiar. the steni i 
pfisrrsg: 

a spaal ceil or evader srssds of a two-way 
shape mar- - 

! f t > t -,.0 

/t h' i i j , , p ^ i 

r. ' , - < , 3 

state in wr a 1 - 

lo ;Ps stale » Pie sopeeeiatplc m which o 
ess than t< 



e ; r ><; ■ 



I 001 



damage biologiea; tissne, o; wh;rs3 a lira; Iraasltoo 
tsiTspsfaiore is a ten-iperatsre in which si changes 
from Siii<s apft stare So said s:. * ■ , , p.,, it g 
Ot v\- ;h < >n s a tem- 

pt c;u-p r >■» - 
stale to s uc a-*" s „ , n , ^ 

one >. t 1 f " - 

r erasure 

The present invention further provides ,a catts- 
stsr davso; < 
a Subnlgr organ, ' 

e \ s 3rd >s 

seteraoh " ^ ^ ^, 1^"^* 

frorr-; the tupuiar organ or altering its position widen 
ths organ. 

- - 

Pa 3 sm * • - v - j * v v - 

dance with the invention upon ohange It: tenv 



accordance wife one embodiment of the Inven- 
tion, lightly coiled on a catheter device, prior to 
Sis insertion imo the tubular organ; 
Fig. 3 els-peas lbs sequence of deployment of 
1-3*"' o d jbais organ 

iYhloh the 3 > sh( steni s 
induced by passing an electric current tliroeoh 
the sletu; 

Fig. 5 depicts a stent and a device in accor- 
dance with another embodiment of the invention 
in which the expansion oi ins stent :s coolrolled 
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F; a -i sloe ih< 



iS COnditfOfK 

the shapa of 



ether enP.ocvaen; of the inversion; 

Fig. S a Fig. 9 , * « s - iff , 

transition temperatures ;hroue.noai Shea length; 

and 

?% • 0 ex- 

penmnsnf, in which reduction of liquid tempera- 
ture by & stes 

n can be metis 



above-. 

- - - o; the kind 

need ; w0 
c -> tompesra- 

tur® : being above body temperature in which n 
' is sc; «sl; stk 
state, art} a - - ■ oelow body 

s-ssik: anils Into the sett state, in the super-elastic 



organ's <n * • CPw:r;o to mese properties, the 
Stent can adapt itself, within s cebam range. So ~ 

11 ii" - - - t i con- 
tained. The super elasticity properties depend atso 
do She stent's shepe, and owing to the elasticity 

'V ' \.Oi 

She invention for most applications. A spicPed cod 
v f s in which I* resaie 

its super eiesticity and inns can better acconv 



eoii 16 havi; 



no 12 



itch it i 



Son Is conditioned ;o npvs a cfcarrjster in which It 
supports she walls oi she tubular o-rgan <r, which it Is 

>^»"^ t , -> 

diameter in tt;o sod - m 

v t\ - - 

srsg various; conflgias'fons c: a steel In accordance 
with the '^nt stent which consists of a 

band 12 made of a two-way shape me rr, cry alloy. 



is relatively soft and may easily be fanned into any 
" : i , _ ' ! - r <\ X 

ghtiy celiac on a oaths! s& 

Vv m of tha band i i 

above 7': . the first ?-:-ar:;;, ; Pori leomeOi:ore : it;;;; band 

immediately changes into tne form U it has in sis 
super-elastic stele and when the temperature is 
reduced torn - - <■ > 

fere. s s s is a as- 

sumes lis term IS in sain soft state, 
■in accot 

lest transition ieonpeosore TP is Syploeliy within she 
•ange ef 4t> < 

is typically vdthiii She range of -10 - - TP ' P 

is in its soft ttsss in which it is coiled tightly onto s 

t o n - > i, 1 ! , „ - 5 „ t * - - 

»d py means such as these base b&d below, 
whereupon •. - ; c tc^jr-us 

tic state end the stent thus presses on the walls of 
the tubular organ, if) enter to remove the stent, the 
catheter is inserted back into she thbasar organ 
through the stent, the stent is cooled by means 
such J! !i ' 
shrinks !o its - ♦ % v. - ' 

" ' <^ " s Ov. "C ic 



11:6 noli ;;;ai:a So;o' ; ;c ;5nper-eli5JStsC State. 

Attent - v ' s 

a sfeni an - ~ _ 

one eiTibcdiioefi! oi ;hc pressr:; Invention, The 
catheter device 20 consists of a iuhesiar one; 22 
3 - , c - 24 c d [ V, :r a 

having s bass which is o\ a larpet diameter -hen 
f t Z ^ v'- 1 28 

sod i,r «ssi - S'P \ 

sr;ogty on duct 2S ,bui car: nave-Poetess slide on 
c.2 ^ - ^ 

m4 tube SO.. 

catnetar SO i;y ;he oaeir ol p U lde - 2S ar;d 
by annoiar v - 28 - e? K • s a cpfitipe- 
oas hsbcal s>oii or may consist of several discrete 
coils, the iahor being at times advantageous in 
deployment of the stent within the tubular organ as 
may be reaiiaed from the fofiowiog desenpijon. 
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Reference ^s. now being cade U> Fig. 3 rbow- 
i the srtgoence of dspsoyrneni: of ha; stent oi Fig. 



cah-isaar device in accordance with tds embodi- 
- generaiiy designated 40. depleted ' » , - ! 
Sate in ig a 

ftexsbie rod 44 contained -herein. Rocs 44 contains 



inn w - - e nt « 

comes nto conta 1 vara \ 
' ' N N - v v ss n Figs 3b 

and . . v of the ^ oi coils 38 

o 1 1 3lti * 33 ■< - 

■iooary arrests th;i rearward movement of anniiJar 
member 28 which So cxo hoscte the stent 32 where- 
by the next eoh of the stent becomes; positioned 
ovsar nozzim 24. By repeating Shis sequence aft 
^ _ 2 



sion. She stent :aao:eases in length and shouid the 
oi? -it cor? ^ wt vo 

" the 

ti'ibuiar orcam which movsrsienis m «R<3esirs3 ss 
they may inflict damage en the i i« q tissue, 
Jo ;; a can so teen n < 3n end 3c. the 

iact that the stow consists ol scleras discrete 
oxtmbers < aiiow it; deploy :t over a tonger 
v -5 of irnpot> 

- ' irate iostsai 

3 org so 

it ahoofci bo pointed cot teat another wcy ;o 
e "h\ - 

dings per omt iangtb ntay bo considerably ln- 

-t> Cft 'if}' 

at ''each spoitiL 

for removsi of the toon: or for changing its 
position, a reverse sequence oi opesation to teat 
described in Fig. 3 ;s performed. The device is 
Isisersexs ieto too tobolar organ to the position oi the 
stent — . „ 

' v o~ c- 
catheter. 

in v.x , to using a hot hoid, the expansion 
" - d b er meanc as b 



* s " 5t 

c -:;p and cacces Its expansion and , , it r :n 
bait ?.s shKn - g on 

the wsHs of ine ieouia: organ acci cances mere to 
expand. 

31 32 
i <. ^ \< * t 

i'OO -4 k 
police sion- a4 ost; hi remains connected bo iemninais 
53 and 52, as can ss sm» - Fig 4c it the 
ncatlonmo at the stent was inaccarana h star; be 

i t HE 

represented by snows 53 Fig. -Id and can then 
be repositioned. 

in order to remove the stent, sievioe 40 is 

■""« v ! > - < V v c 5^ 

tfcrcygfc ste-t ' 
5 it. 43 hit: - s n * 4^ 

and t^^ ro. * eirsctsd 
back into tubs 42 &nd removed. 
Atten-n ' 

another anaa)ciO;ent of -he icvonhon- The dev:ca in 
ieeordsrsre - \ - in a 



the; < 



Rg, 4, She 



csfta 



. 4, fiesi 



die i 



; 53 conta 



t Of Hg. 
r " * ae 
which s conns t - r 

and linked at its Iron; end to art BF antonn 
Stcat 54 is boic cn tod So a; ;:s rcrtior; oont; 
antenna 82, An BF irredh -to 
wave a v 

aspansiors T.h 

depicted In Fig 5 has the sarao isngtn as the 



emtex 



tiers ii which ttio ^ ~ 3 of n star;: i 
by passiftp ar; ssesni corroni the;e;n:ocoa Toe 



ieployoo hy retracting rod 53 n; a sira:iar 
tom-ie-d ernbodif 
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te addition to hsailrsg ihe stsrsi by RF irradia- 
tion in the man -- - - sc g pm a 
bon may eteo be applied from so externa; source, 
e.g. by the use of a wide variety of instruments 
w " v s - routinem ^ for renxjar, Ooatmg 
organs or issues. 

Reference is now made to Fig 6 shova.og the 
-\, of a 'W .by trie use * an - * -s RF 

of stent 8e, member 88 on which the stent is held 
is a o , ube 



When the stent is: heater: by one of tins above 
= - d "r S 1 - - - >ove th<s f SR- 

risen tump. , ^ t n« ^ , >, e 
" f>}. tt ff^Tjeai*" , 
a j v--m: it has - c ^ super-eitistfc stats. 
When She stent expersds. it also shrinks in 

-/is- tP „ „ ^ 

stent is piaeed in a constricted region of a tubular 
organ in 3 

bctetioned inside this region and when : ; 
the ecna friction forces: between -he stent a 



cxling 



cted r< 



applied terough the tube and e;ecis trough the 
no;rztes >Vxe ., , - ihe - o; the 

t i 

<' < , m 1 t^ > osctevamo, 

tee < - g» 

grab; - y exr m is - 

AOeteion is now bete:; made to big. y shewing 
another eoxtndimen; in accordance with the icvom 
a Stent 74 if. 

used as ar! alternates to- a spiral stem of she 

similar te t - ->"> s> ta 

soil state ;P>g 7s.) me osom 74 has a narrow 

diameter arte aocb of its individual ^ ?B te 

' '-a . eiongased. When basted ~ rid. me 

stent expands and shortens and becomes be- 
loved: in She- t 

I v * " . < 1 « ! K 

properties ot - stent in accordance with a 

t "Xa i\SSS> ! 
Js < n,5 

in order ar; allow to; a -eg/ mpte opening, a'- me 
made te a* ft - crdon iemperascrss at 

< v of ■" - is , 05 - ( transition 

temperature > for changing from a ooh ia a saper- 
olaslic siate doing sac-cratesc ie S c fban ix;dy , -,- 

v - ' n v " \' - ^ 

thij atfsnt are marie to have a higher transition 
te ' , - o.g i s ^ a stent, in 

eiateia siato, Oat awi.nc 0; ;he anchcnrtg forcaa of 

axr e.'orsic ^ 

and in teci is in an aceqniitertero mata scabio state 



of the iuixteo- crgafi Who-e Obvaover tea Stent is 

its length, rag. in a coronary artery after esth- 
%'i v - - r > tei t 

x iis c -s =- desired poaiitofi « the 

flSgiOri Of Ca^-E-jrrSRtro.r-, the prinoipio of bjiving 
diff&renf trans * temp* \ , as arsons regions 
throughout the stem's tength rnay be used, in such 
a case rh s 

hsve three different transition t&mperaiurss 
throughout its length: a first iransiften tsmpsrsfure. 
Ts , which is 1 than tee body r v J - at a 

prie having *t : its: 

correct position. The stent is Shoo boatod to a 
temperature above T ? but tore; tear; T 3 tsnr; con- 
- t- n t 

towards the secc-fx! sad which still remains am 
coored on iba Catheter dsva;e. Tfxa strrni nay then 

n - 3 - k > O O V 

the c >sition o! ffte 
arid of the stent with iha iagbar i:aas:t:oa araape;a- 
tore, -he pasciion of the stent inside the tubular 
organ may be managed 

in crde edar c { msi at 

afx- v a 

consafuiiag ti;e stent with 3 hydrophiiic coatitig 
- 0 ^ f -i nt. 

Atfentien is now directad to Fig. id si-sowing 
the roajiij ~ v ' ^ tetrs- 

^ " t f -*™ v ' i ! am 

diameter was me e several a no 
experiment, 10 mi or 20 ml o? weter sampies ef 
vsrbus tompsratijrtjs were passed through to® 
iute. in anotr<-x evrponmetit. 1o rn ox. 20 >r 



3 



EP 0 626 153 A1 



and -ha 



decoying 

flit 31'Qi 



can &s seen, . - was cn\ a very t - a 
reductiosi :: ; «s\ •;. , where • e h.ba did not 
contain a stent, there was a very roamed decrease 
;r Seni; era! a • c at G ri'ts ran - oi ) r 
water navsoc an entry tsmparateoa of 63 "C. This 
great reduction in teaosrafore resuits from See 
vary t <g > "ac * _v 'a 1 ^o-* ja ng its 
xpa v h ; 

risk Irs the ejection af warm jl^ids into inbusar 
s.<P - >ttne invenfive. 

stent 
Ciaims 

1, A stent -or piecing in a teboisr organ so as to 
- ; . o rem? ^ . 

diameter, the stent comprising-. 

x spira; coiS (14) or cyiinder (78} ma<te of a 
two-way shape memory aftoy; having a super- 
nicotic state in which the stent's diameter is si 
<■ ' ^ > " - - <.<v but 

>vt- ■« r . < -ted by said 

1 1 c sta a so whsc th-s 

- : - < K ^ " - "m .-a c; this state 
• - ' sepeoo;ia3t;c arena which ;s iass than 
i s ant sf 



teas at a oi stance earn saai tapeaoi or em bar; 
the t - Caving a ciooed - nod sec being 
ntted a; ite font end panica, proximal to said 
o<» "to ■•■%," cat I 

•■> - a »' 

i " 0 ad 

being heid on aaki iaixr fid?.} on the portion 
thereof beiae bctecaf: said grade member and 
sac; anncicr member ;;ig): opoc creation oi 



cs super -aiasii 



(22), ik i \ * 1 t , , t- e 

i 0 3! o ping saci i.noe w i 3 « 3 - 

^ > < : v. t 

■he stent, arrest the rosacea; moveatem of 

> ^ , m f t^-a 

>■ ^ w w 



aery . ^ cos tan v. 



SibO 



c second 
enema 

" -~- " ! m, o 

a ssid sc it - , 

O - O „ v \ < ^ . V t 

2. ~.-o a co:: a : : 

coif 06). 



trao or mora d 



ibors. 



A ax.ardiag to sny oca of the pracociing 

- - te v s . ' - a 5 , • Cc- - a -r ^ a 

ais pariKc; iT s a 

A - ^ - , 

slant according to any ona of Ciaans 1 to 4 in 



' as - - - C ;a 

oaaio of reieasiraj co scia soda adar ;ho store 
has psndod 

16. A davkoa acco'-ciinp to Ciaan 5, cono&ra.Sng s 
- - - - -a - asac- 

tricai isad (60; ooncactod fa an :ac scarce acd 
loroufiatina at its front end of on RF antenna 

s-sio 01 

to need and carry the stent, 

11. A c© according C " : a"c a rsp 3 
teg a tobe ;ac) * - open front and oapabfa 

Of 30dati?3 jaid ro M; s 
(54} carried on its tormina; segment {50,52}. 
tea aoc- and faa r:>6 being oapadla of raiataa 
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12. A dswcs accord :~ 1, whsrs ihs 

tubs (42) h aoapfed esscnon of a cold fhad 
through its front end. 



so 
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Fig. 8 ^^mTToT^ 
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Exit temp. : i«'G) 
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